The efficacy of deep repetitive transcranial magnetic stimulation (dTMS) for obsessive compulsive disorder (OCD) was recently confirmed in a Food and Drug Administrationregulated, multicenter, sham-controlled study. In this study, patients who failed pharmacotherapy underwent individually tailored provocations just prior to each stimulation session, in the attempt to activate the relevant circuitry and making it labile to change. The procedure that was developed reliably evoked moderate intensity symptoms, making it effective on the one hand and mild enough to allow the patient to continue with the dTMS session on the other. This methodology article describes in a detailed step wise fashion how to evaluate the patient's specific symptoms and design the individualized provocations. Additionally, the article explains how to instruct relevant personnel to administer the provocations, gauge their efficacy, and overcome possible obstacles. This method, apart from its ongoing role in the clinical treatment of OCD by dTMS, may be used for provocation of symptoms in basic studies [e.g., imaging with Electroencephalogram (EEG) or Functional magnetic resonance imaging fMRI] as well as other treatments.
INTRODUCTION
In August of 2018, the Food and Drug Administration (FDA) cleared deep repetitive transcranial magnetic stimulation (dTMS) as a treatment for obsessive compulsive disorder (OCD) (1) . The clearance was based on the positive results of a pilot (2) and subsequent multicenter trial (3) regarding both safety and efficacy. Both studies used the H7/HAC coil, placed over the medial frontal cortex (mPFC) and anterior cingulate cortex (ACC), and administered treatment sessions 5 days per week over 5-6 weeks. Patients had moderate to severe OCD despite prior pharmacological and/or psychosocial treatments, and the dTMS treatment protocol included individualized OCD symptom provocation immediately prior to each stimulation session. For each patient, this protocol was designed to achieve a moderate self-reported level of distress.
Provocations prior to dTMS, an approach called cognitive paired associative stimulation (4) , has demonstrated better outcomes for the treatment of depression (5) , smoking cessation (6) , and post-traumatic stress disorder (PTSD) (7) . This phenomenon can be explained, at least in part, by evidence suggesting that retrieval of items stored in long-term memory (e.g., by provocation) make it prone to change (e.g., by stimulation) (2, 8, 9) . The authors of the depression study found that while emotional memories failed to further enhance the antidepressant effect of dTMS, negative emotional memories disrupted it (5) . The authors of the smoking study suggested that rTMS interferes with the reactivated labile memory traces of cue-induced craving or inhibitory control circuitry (6) , while the authors of the PTSD study suggested that stimulation enhances the consolidation of traumatic memories extinguishing the fear response (7) . For a possible underling mechanism of provocation effect in dTMS-OCD studies, please see Box 1. For OCD, the effects of provocation were not controlled (i.e., all patients underwent provocation), but because of the excellent results demonstrated in published studies (2, 3, 10, 11) as well as patient acceptability, it continues to be used clinically. This paper describes in detail how to design and administer the provocations, with detailed examples, under the notion that this method can be used both for basic research and for a variety of clinical treatments (51) (52) (53) . While the underlying mechanisms of this approach remain largely theoretical with emerging empirical data, our primary goal was to articulate a clinical approach that represents a core component of dTMS treatment, which is becoming more commonly used given its efficacy (2, 3, 10, 11) and FDA clearance.
Provocation Planning Guidelines

Educating the Patient
The patient should be educated about the nature of dTMS treatment, specific obsessions and compulsions, avoidance, and symptom provocation. Patients should be aware that prior to treatment their obsessive-compulsive symptoms will be provoked by a trained technician, and the purpose of provocations is for the treatment to be most effective. The provocation procedure aims to achieve a self-reported subjective distress score of 4-7 on a visual analog scale (VAS) ranging from 0 (no distress) to 10 (extreme distress), and patients should understand that greater or lesser levels of distress are not necessarily better and thus they should answer most accurately when asked about their symptoms. If they ever feel too distressed or that their obsessions are not being successfully provoked, they need to communicate this. The treating technician should reiterate these points at least weekly.
Educating Personnel
Relevant personal should be educated about OCD in general, the patients' specific OCD, and the purpose of symptom provocation. Often, technicians feel uncomfortable provoking patients for various reasons, but typically they do not want to make the patient feel badly or hurt their feelings, do not understand the BOX 1 | Possible underlying mechanism of provocation in dTMS-OCD studies.
Theoretically, activating obsessive-compulsive triggers may allow for the reconsolidation of fear or distress evoking memories, which are core to most forms of OCD, through dTMS. Experimental paradigms have focused on ways to inhibit or update fear memories in rodents and human adults (12) (13) (14) (15) (16) (17) . Once a memory trace is retrieved, it becomes labile for a period of time, before stabilizing again during the reconsolidation process (16, 19) . Reconsolidation refers to the transfer of new information into long-term memories, resulting in revisions of the memory each time it is retrieved (20) . Reconsolidation has been demonstrated in motor, declarative, and episodic memory (21, 22) , although emotional memory is more resistant to change (23) , necessitating a better understanding of processes that facilitate change in these pervasive fear memories. Disrupting the reconsolidation of a memory by electric stimulation has been done in both preclinical and clinical studies. For example, reconsolidation of conditioned taste aversion in the rat was impaired by localized intracranial electrical stimulation (24) , while modification to existing human motor memory, reactivated by recall, were blocked by TMSinduced virtual lesion of the related cortical brain area (25) . Disrupting the reconsolidation of a distressing memory by stimulating relevant OCD circuitry during this reconsolidation window (within 6 h of memory reactivation (22, 26) during which point memories are labile) has the potential to update the memory trace, enhancing and/or facilitating fear extinction. We acknowledge that an array of emotions characterize OCD symptoms, including fear, disgust and distress. The extent to which memory reconsolidation models translate to non-fear based psychopathology remains unclear, though initial data suggests potential applicability (27, 28) . Support for updating fear memories during the reconsolidation window has been based on pharmacological studies (26, (29) (30) (31) . In rats, infusion of propranolol, a β-adrenergic receptor antagonist, disrupted the reconsolidation of a reactivated fear memory (32) . In humans, oral administration of propranolol prior to fear memory reactivation substantially weakened fear responses by disrupting the reconsolidation process (33) . This procedure was specific to weakening emotional (fear) memories, leaving declarative memory intact (33) . While propranolol and other pharmacological agents (e.g., anisomycin; MK-801) may serve to weaken fear memories or disrupt memory consolidation (26, 29) , their use in applied clinical practice presents potential side effects and safety risks in humans. Beyond this, neuroimaging evidence in healthy adults shows diminished vmPFC involvement when introducing safety information when fear memories are labile (i.e., through symptom provocation) (34) . This closely resembles the sgACC region that shows perturbations when appraising threat during extinction recall in anxious adults and youth (34) .
Symptom provocation in OCD patients has a long history both in the study of the neuroanatomy underlying OCD and in the treatment of OCD using Exposure and Response Prevention (EXRP), which is the leading form of psychotherapy for OCD (35, 36) . The primary distinction between symptom provocation and EXRP is the duration of the provocation as well as inclusion of varied cognitive and behavioral components (37) . Symptom provocation is a brief procedure, inducing a few minutes of doubt while preventing the subject from performing the compulsion on its own; this is not a therapy. Brief symptom provocation for OCD was first used in the 1980's to study regional cerebral bloodflow (38) . Since then it has been used with positron emission tomography-computed tomography (PET-CT), singlephoton emission computerized tomography (SPECT), and fMRI to study the functional neuroanatomy of OCD; results have been reviewed here (39) (40) (41) (42) (43) (44) . Since symptom provocation activates the OCD specific circuitry, a deep and broadly stimulating H7 coil will more selectively modulate that circuit. This is an example of Hebbian plasticity (45) induced by TMS, with the specificity of the circuit induced by the provocation (46, 47) .
EXRP, first described in the 1960's (48) , is the first line treatment for OCD and the most essential component of cognitive behavioral therapy for OCD. It is therapist guided, and involves repeated extended exposure to distress-evoking triggers while abstaining from compulsions. While there is some variable in session length and duration of treatment, protocols typically involve 60-90 min sessions over 12-20 sessions (spaced once or twice weekly). The theoretical rationale underlying EXRP has been Emotion Processing Theory (49, 50) , which relies on the reduction of within-and between-session distress as a core process underlying successful exposure therapy. Although both within-and between-session distress reduction-also known as habituation or extinction learning-likely plays a core role in EXRP, inhibitory learning deficits likely also play a role (50) in understanding the robust effects associated with EXRP.
nature of the specific provocation, feel uncomfortable causing intentional distress for the patient, or discussing the topic of OCD (e.g., aggression, homophobia) with the patient. They must understand that eliciting obsessional distress is necessary and, although temporarily uncomfortable, it is helping the patient in the long run.
The technician should be instructed to not simply read out loud the provocations, but to understand and use them as a guide. When provoking the patient, it should be delivered as if the technician were having a conversation with the patient, sitting at eye level and making eye contact. It is helpful to engage in brief communication with the patient prior to initiating the provocation to gain information that could be used when starting the provocation. Brief small-talk frequently can be used as a conversation hook to make the provocation more natural, less forced and perhaps more potent than if the subject of their obsession is provoked directly.
The technician should be educated how to identify reassurance seeking behavior, and to not attempt to reduce the patient's doubt (by giving reassurance) or allow them to perform any distress reducing behaviors or compulsions during the provocation process. Additionally, the technician should know how to look for verbal and body language cues for distress (e.g., looking away from trigger). Sometimes the patient subconsciously will tell the technician that something is not distressing, but in reality they are using avoidance. Lack of eye contact, clenching fists, muscle tension or rigidity, fidgeting, changing the topic of conversation, picking their skin and other hand activity, are all cues that infer the patient is experiencing more distress than they are aware or reporting. The technician should proceed with the provocation and when appropriate tell the patient what has been observed. It is also helpful to educate the technicians about tics, and how they increase with anxiety.
The technician should be flexible and supportive (although not reassuring) if the provocation takes longer than anticipated, and should continue from a different perspective such as the next provocation or pairing internal and external provocations. As the patient's OCD improves over the course of treatment, it may increasingly challenging to elicit an appropriate level of distress upon provocation. It is possible that it may also take significantly longer if the patient is using significant avoidance and/or has poor insight.
Step-Wise Provocation Design
Initially, a 90-min session to design the provocations is scheduled. The clinician rater meets with the patient to complete a seven-step process (Figure 1) , beginning with the Yale-Brown Obsessive Compulsive Scale (YBOCS) symptom checklist (54) . Detailed examples are provided at the end of the manuscript.
Step 1: Complete detailed YBOCS symptoms checklist to identify the current obsessions and compulsions. If the patient notes that symptoms are current and significant, ask for details and examples to understand the primary symptoms.
Step 2: Create a draft list of the primary symptoms. On the target symptoms form, ask the patient to list and quantify using the VAS their symptoms for obsessions, compulsions, and avoidance. Note the VAS scores of the patient next to each target symptom. If the patient gives a score that seems unreasonable, discuss with the patient and determine if the score provided should be modified. This list is later used to determine the most distressing or highest-ranking symptom.
Step 3: Complete the YBOCS severity scale assessing OCD symptom severity over the last week. This is done by the clinician using the target symptoms list and their knowledge of the patient's functioning. It is not a patient rating scale and it should never be given to the patient to select.
Step 4: Create a hierarchy of symptoms from the draft list, such that the most prominent target symptoms are selected to create provocations to elicit moderate levels of distress. The provocations are separated into internal and external provocations. The internal provocations are questions related to thoughts, images, or impulses that usually trigger compulsive behavior, while external provocations typically involve requesting the patient to perform a task or involve the aid of an auxiliary tool.
Step 5: Develop internal provocations based on the hierarchy's highest-ranking symptoms. These internal provocations are thought provoking questions related to the primary obsessions. The purpose is to engender a sense of doubt or create uncertainty with regard to the subject's specific obsession, thereby increasing the subject's level of distress. The internal provocations should be listed from least to most distressing in severity and the patient is prevented from performing compulsions or other safety behaviors until after the session is completed (although they are encouraged to do their best to not ritualize post-session). Examples of phrasing for internal provocations include: did you … this morning?; when was the last time you…?; is it possible that…?; how much does it bother you that…?; are you sure that….?; is there a chance that….?; and how can you be sure that….?
Step 6: Develop external provocations ranked from least to most distressing. External provocations are typically used after internal provocations are ineffective or in conjunction with them. External provocations usually use photos, auxiliary tools, or requesting the patient to complete part of a task. Examples of external provocations include: Write the distressing word on a piece of paper and show it to the patient; briefly show the subject a picture of …; place … near the subject in such a way that the subject is not sure whether or not he/she touched it; instruct the subject to touch…; have a mirror within eyesight but not where they can look at themselves; ask subject to start a list, email, text message and stop them after they start writing it; put an article about …. within view but do not allow them to see it; ask them to start a compulsion and interrupt them from completing it. Following the external provocation ask the subject: how much does it bother you that….?; is it possible that…?; and/or is there a chance that …? It is important that movement is relatively limited in the context of exposure to external provocations.
Step 7: The clinician should review with the technician the nature of the patient's specific OCD. S/he should ensure it is understood that distress is necessary, and although uncomfortable temporarily, it is helping the patient in the long run. It is imperative to explain to the technician each patient's specific case, the nature of the obsessions and compulsions, the reasoning, and any pitfalls or notes that may help them provoke the patient or triggers that should be avoided (e.g., too distressing). For example, a patient's distress about dirt can be because the color of the dirt, the harm it may cause if it carries germs, the fact that it feels a certain way under their feet or hands, that the object is dirty or not clear, or something completely different. If the technician understands the reasoning behind the patient's thought process, they can provoke the symptom using internal and external provocations as their guide. Technicians should be reminded to instruct patients not to attempt to reduce their doubt or perform any compulsions or avoidant behaviors during the provocation process. Technicians should not provide reassurance, rather keep the provocation going when the patient seeks reassurance. Clarify if they have questions and follow-up after the first treatment to see if there were issues, complications, or if clarification is necessary.
Provocation Administration Guidelines
Provoke OCD symptoms utilizing the internal and external hierarchy provocation list. Use the questions created as a guide, but do not read the list. It is preferable to not even have the paper in your hands. Look at the patient in the eyes and speak to them as if you were having a conversation. Often, it is helpful to ask them questions about their day, which may provide details or a topic that can be used for provocation. This will make the process seem more natural to the patient. The purpose of the provocation is to instill doubt and to evoke a level of distress between four and seven on the VAS. The goal is for the current distress level to be in the moderate or higher severity range, not too mild to be ineffective and not too severe that the patient will be unable to sit through the session.
Begin with the first internal provocation, which is the least distressing OCD symptom on the list. Utilize the same internal provocation probe for several attempts before moving on to the next internal provocation, which is a topic of greater distress. Often you will need to keep creating doubt around that probe by planting several seeds or avenues of doubt. If that is ineffective in getting the patient to a 4-7 VAS score, continue through the internal provocations and then move to the external. Sometimes, it is beneficial to combine an internal and external provocation. For example, if a patient has distress involving being on time then the technician should hide all visible clocks in the office and could request the patient's watch and phone upon arrival. The technician can do various activities that may appear to be delaying the treatment progress and/or frequently check their own watch. Additionally, the technician can ask the patient about their schedule, if there is a possibility they will be late or miss a call about another appointment, etc. Pairing the internal and external may be helpful so the patient cannot automatically complete the compulsion, and thus relieve their distress.
Troubleshooting
Several issues come up frequently. When a patient has poor insight, agreeing to sustained provocation is often difficult. For example, if a patient is unable to recognize that avoiding public places or buying a new car to avoid contact with contaminants is excessive or unreasonable, it may be difficult to get them to agree to do the task they are avoiding. Coincidentally, many patients also cannot be absent of an obsession or compulsion for long. This can be to the technician's advantage when provoking in certain situations.
It is also not beneficial when the patient immediately completes a compulsion. For example, if they have an obsession and immediately (even when unaware) complete a compulsion that reduces their distress. The patient needs to be reminded to avoid completing compulsions prior to or during the session.
The purpose of starting at the least distressing internal provocation is to not provoke a level of distress above seven. If the patient is distressed to a higher degree, several options are available. The first approach should be to give a little time for the patient to calm down by talking about different subject or stepping out of the room for a few minutes. If necessary, the patient can be "talked down" but should not be given complete reassurance or allowed to complete a compulsion.
As OCD symptoms change, new provocations need to be created. That is, as stimuli become less distressing, developing new stimuli that evoke progressively more distress should be created. Additionally, as symptoms improve, provoking to the appropriate distress level becomes increasingly challenging. During this time, using internal and external provocations simultaneously is beneficial. Provocations that shift to consistently inducing no distress should be bypassed.
Patients may intentionally or unintentionally give inaccurate distress levels for various reasons, including poor insight, not understanding the purpose of the provocations, avoidance, difficulty quantifying the distress, and difficulty separating obsessional distress if OCD is extreme and constant. It is imperative to always keep open communication between the physician, technicians, and rater, to ensure that provocations are effective and that the patient is receiving the optimal treatment.
examples for Individualized Provocation
Ethics: The following case examples are from a multi-center randomized study, regulated by the FDA and Sterling Review Board in accordance with the declaration of Helsinki. All of the participants signed written informed consent to participate in the study and have their data published. Some details were intentionally written in a vague and more general fashion both to protect anonymity and because they are characteristic of many OCD patients.
Patient A
Patient A is a 45-year-old Caucasian woman who works in the medical field. The OCD onset occurred at 7 years old; however, she first sought psychiatric help at age 28. Her current medications included Alprazolam 0.25 mg BID, Zolpidem 5 mg, and Paroxetine 60 mg. Previous medication history includes Paroxetine 30 mg for 3 years, Paroxetine 60 mg for 4 years, and sertraline 100 mg for 3 years. She had two courses of non-CBT forms of psychotherapy. Her OCD has impaired her social life and work significantly. Although she was presently employed, she was missing work often and had to switch positions due to her OCD symptoms. 
YBOCS SYMPTOM CheCKLIST
Symptom Hierarchy
Obsession 1: Concerns about disappointing or upsetting someone. (7) Obsession 2: Concern they will make a mistake that will cause harm. Internal Provocation:
1. Did you check everything was unplugged and/or turned off before you left the house? Is it possible you left something plugged in? How can you be sure nothing was warm? 2. Is there a chance you won't be able to drive yourself later? Is it possible your battery may die or something happens to your car? How can you be sure?
3. 3. Is it possible you upset someone today? How can you be sure you did not disappoint anyone? Is there a chance you are mistaken? 4. Is it possible you made a mistake today that could be harmful?
How can you be sure you did not write something incorrectly or miss something? Is there a chance you are wrong? 5. Is it possible your anxiety will get worse today? How can you be sure you will make it through the day?
External Provocation 
Patient B
Patient B was a 46-year-old Caucasian woman whose OCD has always impaired her ability to work and her social life. She has no friends and rarely left the house. Her paternal grandmother, father, and brother all suffered from OCD. Her OCD onset occurred at 17 years old, and she first sought psychiatric help at age 25 years. She previously failed paroxetine CR 37.5 mg for 1 year and Bupropion for 1 year and had one suicide attempt. Although she had many years of psychotherapy, none was CBT. Her current medications were fluoxetine 80 mg, clonazepam 1 mg, quetiapine XR 300 mg, clonidine 0.1 mg, and buprenophine 2 mg. 
Limitations
The primary limitations of this methodology lie in the fact that OCD symptoms are so variable and so subjective. One of the goals of cognitive paired association/state dependent TMS/provocation before stimulation or provocation before imaging is to reduce the variability that is inherent in a patient sample due to the state of the brain being variable. Future studies should investigate the efficacy of active and sham dTMS for OCD in a specific OCD subtype, i.e. harm OCD, using positive provocations, neutral provocations, and harm provocations. Additionally, objective physiological measures of negative valence should be taken along with brain activation to assess for the efficacy of the provocation.
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